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RESEARCH MEMORANDUM

AITTTUDE-WIND-TINNEL INVESTTGATION OF COMBUSTTION -CHAMBER
PERFORMANCE N J47 TURBOJET ENGINE
By Carl E. Campbell

. SUMMARY

Combustion~chamber performence characteristics of the J47
turbojet engine were determined during an investigation of the
complete engine in the NACA Jewis altlitude wind tunnel. The
date presented were obtelned over a range of englne speeds at
simlated altitudes fram 5000 to 50,000 feet, flight Mach
numbers from 0.21 to 0.97, end exha.us‘b-nozzle-ou‘blet areas from
280 to 342 square inches. The combustion-chember performance

.characteristics are presented as functions of the englne speed

corrected to NACA standard sea-level static comditions.

At a corrected engine speed of 7900 rpm, the combustlion
efficiency with the standard exhaust nozzle varied from 0.95
to 0.99 over the range of altitudes and flight Mach numbers
investigated. Combustion efficiency was lowered by lncreasing
the exhaust-nozzle-outlet area. The combustion-chanmber over-all
total-pressure-loss ratlio decreased with an increase in altitude.
TIncreasing the flight Mach number increased the over-all total-
DPressure-loss ratio at medlum end low corrected engine speeds,
but in the region of maximm engine speed the effect of flight
Mach number was negligible. Changlng the exhaust-nozzle-outlet
area from 280 to 342 square inches had no sppreciasble effect on
the over-all total-pressure-loss ratlo. The fractional loss
in engine cycle eofflclency due to combustion-chamber total-
rressure losges was not affected by changes of altlitude and
flight Mach number at high corrected engine speeds. TIncreasing
the exhsust-nozzle-outlet area increassed the fractional loss in
engine cycle efficlency over the emtire range of corrected
englne speeds. The fractional loss In cycle efficlemncy due to
the combustion-chamber pressure losses was approximately 0.04
with the stendard exhasust nozzle at maximum engine speed.
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INTRODUCTT CBY

An investigation to determine the performance and operaticnal
characteristics of a J47 turbojJet engine and its components has
been conducted in the WACA ITewis aliitude wind timnel over a wide
range of simmlated-flight conditions. Performance characteristics
of the combustion chamber are evalusted herein. Over-all englne
performence characterlstics are presented in reference 1. Com-
pressor and turbilne performance characleristics are presented in
references 2 and 3, respectively.

1218*

The msnner of heat release and the flow characteristlcs of
the cambustlon chamber influence the over-all pexformance of the
turbojet engine. If combustion .is incomplete, burming may occur
through the turbine and raise the turbine-blade temperature above
safe limits. The loss in total pressure through the combustion chambexr
reduces the cycle efficiency and also results in a glight reduction
in the mass flow of alr through the engine (referemce 4).

Results are presented to indicate the effect of-altitude,
flight Mach number, and exhaust-nozzle-outlet area on the
combustion efficiency, the losses in total pressure ococurring
In the combustion chamber, and the fractional loss In engine
cycle efficiency resulting from combustion-chamber pregsure losees. .
The engine cycle efficlency is also presented. These results are .
shovn grapbhlically as a function of corrected engine speed and in .
tabuwlar form. .

ENGINE AND INSTATLTATTON

The J47 turbojet emngine used in thile investigation has a
statlic sea=level thrust rating of 5000 pounds at an engine speed
of 7900 rpm and a turbine-outlet temperature of 1275° F. At
this rating, the air flow is 94 pownds per second and the fuel
consumption 1s approximately 5250 pounds per hour. The principal
components of this engine are a l2-gstage axial-flow compressor,
oight cylindricel through-flow combustion chambers, a single-stage
impluse turbine, a tall pipe, and an exhaust nozzle. The exhaust
nozzle, designated as stendard, gave limiting turbine-outlet
temperature at rated speed and sbatic conditions at an altitude of
5000 feet, and had an outlet area of 280 square inches. In order
to extend the renge of iInvestigation of the englne, oversize
exhaust nozzles with outlet areas of 302 and 342 square incles
were also used. ’ .
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The englne was mounted o a wing section that spanned the
20-foot-diameter test section of the altitude wind twmel (fig. 1).
Engine-inlet conditicns corresponding to the similated £light
conditions were obtained by introducing dry refrigerated alr
from the tunnel meke-up alr system through a duct to the engine
inlet. Alr was throttled from spproximetely sea-level pressure
to the desired pressure at the engine inlet, while the static
pressure In the tunnel test section was maintained to correspond
to the desired altitude.

Pressure and temperature instrumentetion was Installed at’
geveral statlions through the engine (fig. 2). The combusiion-chamber
performance ig chiefly determined by instrumentation at the com-
pressor outlet (station 3), the turbine inlet (statiom 4), the ;
turbine outlet {station 6),.and the exhaust-nozzle outlet (station 7).
Instrumentation at these statione is shown In detail in figure 3.

DESCRITPIIN OF COQMBUSTIQY CEAMEER

The eight combustlion chambers are the cylindrical through-flow
type, ds shown in the cross-sectlional drawing of the engine in
figure 2. Fach combustion chanmber is Ffitted with inlet and outlet
ducts leading from the compressor outlet and to the turbine inlet,
respectively. The combustion zone in each chamber is separated
from the outer shell by a liner (fig. 4). Iouvres in the upstream
face of the liner dome admlt primary alr to the combustion zame.
Secondary alr enters the combustion zone through eight
equally-spaced longltudinal rows of 3/4—inch diameter holes and a
gseries of louvres on the liner surface. The cross-sectlional. area
of the combustion zone in each chamber varies from epproximately
0.282 square foot at the plane of the first serles of secondary
alr holes to 0.328 square foot at the plane of the final series
of holes. .

Each combustlion chamber 1s equipped with o duplex fuel

‘nozzle having & small-slot and large-slot element, and the nozzle

extends into the combustion zone through a hole in the cemter of

the liner domes. At the low fuel flows that accompany the

starting process and operation at high eltitude, all the fuel

flows through the emall slots, which are designed to provide a

good spray pattern at fuel pressures down to approximately

20 pounds per sguare inch. Aeg the fuel-flow requlrements of the
engine increase, a portion of the fuel, as determined by the
sutomatic flow-divider mechenlsm, is injected through the large-slot
elememt of the nozzle.
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The ignition system conglsts of two high~voltage vibrator coils
and two spark plugs. The vibrator colls are mounted on the upper
half of the compressor cesing and the spark plugs are installed in
dlametrically opposite combustion chambers. The spark-plug electrodes
are located within the deslgn spray cone of the fuel nozzles. Igni-
tion is provided to the remaining combustion chambers through inter-
connecting orcas-fire tubes.

P.'ROCEDURE

The investigation extended over a range of simmlated altitudes
Prom 5000 to 50,000 feet and simuleted-flight Mach numbers from
0.21 to 0.97. Two additional exhaust nozzles with ocutlet areas of
302 and 342 sguare Ilnches were used on the engine aa well as the
standard-size exhaust nozzle, which had an outlet area of
280 square inches. ZEngine inlet-ailr temperatures were maintained
at NACA standard values for simmlated altitudes up to 25,000 feet.
At pressure altitudes above 25,000 feet, the inlet-air tempera:bure
was approximately -20° F 3 which wag the minimnm temperature that
could be obtained. Total pressure at the engine inlet was regulated
to correspond to the pressure that wounld exist with complete free-
gtream ram-pressure recovery at each flight canditilon.

.Alr~flow calculations were made from pressure and temperature
measurements obtalned at the cowl Inlet. Fuel flow wes measured
with a rotameter. The symbols and the methods of calculation uged
to determine the caombustlon~chamber performence from the pressure
and temperature messurements are gliven In the appendix.

RESULTS AND DISCUSSION
Combuetion Efficiency

In order to indicate the effect of altitude on combustion effl-
clency, results obtained with the stendard exhaust nozzle are pre-
gented in figure 5 for a range of altitudes between 5000 and
50,000 feet at flight Mach numbers of 0.21 and 0.52., The effect of
altitude on combustion efficiency was similar at both f£flight Mach
numbers. At altitudes below 25,000 feet, the combustion efficlency
reached peak values at corrected engine apeeds between S000 and
6000 rpm and then decreased to & value of 0.95 at a corrected engline
gpeed of 7900 rpm. 'The reason for this decrease in coambustlon efifi-
olency 1n the high engline-speed reglon is not clear. At altitudes
above 25,000 feet, the combustion efficlency lncreased steadlly with
engine speed to values between 0.97 and 0.99 at a corrected engine
speed of 7500 rpm. The values of combustlon efflciency presented in
this report are acourate to approximetely 0,04,

91dT -
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The effect of flight Mach number an the combustion efficlency
with the standard exhaust nozzle is shown for altitudes of 25,000
and 35,000 feet in figure 6. The trends were in general the same
at both altitudes with the combustion efficliency reaching values
from 0.97 to 0.99 at a corrected englne speed of 7900 ypm. At any
corrected engine speed above 5000 rpm, the varlation of combustion
efficiency with changes In flight Mach number from 0.21 to 0.97 was
less than 0.03. ' ' '

The effect of exhaust-nozzle-cutlet area on combustion
efflciency at a flight Mach number of 0.2l and at simmlated
attitudes of 5000 and 25,000 feet is shown in flgure 7. AL an
altitude of 5000 feet, the variation of combustion efficlency wlth
engine gpeed was simllar with each of the three exhaust nozzles.
At this altitude, Increasing the exhaust-nozzle-outlet area from
280 to 342 square inches reduced the peak efficlency from 0.99 to
0.97 end refuced the efficilency at a corrected engine speed of
7900 rpm from 0.95 to 0.93. At an elititude of 25,000 feet, the
decrease in combustion efficiency with increased exhaust-nozzle-
outlet area was more pronowmced than at an altitude of 5000 feet,
vwhich was probably due to the lower combustion-chamber inlet
pressure at 25,000 feet altitude. At this altitude at a corrected
engine speed of 7900 rpm, the combustlion efficlency decreased
from-0.97 to 0.92 as the exhaust-nozzle area was increased from
280 to 342 square inches.

PRESSURE I.0SSES

Measured values of over-a2ll total-pressure-loss ratio were
obtained directly from the pressure instrumentatiom at statioms 3
and 4. Calculated values of over-all total-pressure-loss ratlo
woere obtalned by adding the friction and momentum pressure-loss
ratios determined by the method explained in reference S. Frictiom
preasure losses were calculated by means of equaticn (7¢) in the
eppendix with a value of the frictiom factor K determined from
windmilling data. Momentum pressure losses were determined from
the pressure-loss chart of reference 5 and the combustlon-chamber
equivalent area A;. The measured and calculated values of the
over-all btobtal-pressure-loss ratlics were reascnably simlilar in
magnlitude and trend throughout the dats investigated.

The effect of altitude om over-all, friction, and momentum
Pressure-loss ratios with the standard exzhaust nozzle at a flight
Mach number of 0.21 is shown In figure 8. In general, an increase
In altitude resulted in a decrease In the over-all total-pressure-
loss ratio APp/Pz. The friction and momentum pressure-loss data

show that the reduction in APp/Pz was due entirely to decreases
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in friction pressure loss as the altitude wae increased. The
momentum pressure-—loss retio AP /P was wnaffected by changes

in eltitude over the entire range of corrected engine speeds. At
the design speed of 7800 rpm, the maximum value of .‘.\1’,.13/P3

obtained with the standard exhaust nozzle at a flight Mach number
of 0.2l was approximately 0.04.

The effect of flight Mach number on the pressure-loss ratios
with the stendard exhaust nozzle at an altitude of 25,000 feet 1s
shown in figure 9. An increase in flight Mech number resulted in
a8 large incresse in the over-all total-pressure-loss ratio at low
corrected engine speeds because the increase in AR /P was

greater than the decrease in APM/P3 as the Fflight Mach number

was Incressed. AL a corrected englne speed of- 7800 rpm, the
over-all total-pressure-loss ratlo obtained with the standard
exhaust nozzle was approximately 0.04 for all flig’a‘b—lhch numbers
at a simlated altitude of 25,000 feet.

The effect of exhaust-nozzle-outlet area on the combustion-
chamber pressure-loss ratios at an altitude of S00C feet and a

flight Mech number of 0.21 i1s shown in figure 10. The over-all
total-pressure-loss ratio wasg affected only slightly by the

increase in exhaust-nozzle-outlet area. The friction pressure-
Joss ratio increased and the momentum pressure-loss ratlo
decreased as the nozzle area was increased, with the resultant

small effect on APT/PS

CICLE-EFFICIENCY LOSSES

The effect of altitude on the emgine cycle efficlency 1
and the fractional loss in englne cycle efficlency An/n due
to caombustion-chember pressure losses 1s shown in figure 11 for
the stendard exhaust nozzle end a flight Mech nwmber of 0.21.
The value of An/n decressed with an increase in corrected
englne speed over the entire operating range. AL corrected
engine speeds aboye 5500 rym, An/n 4id not vary with altitude.
The value of An/n at the design corrected engine speed
(7900 rpm) was about 0.04.

The effect of flight Mach number cn 1 and An/n at an
eltitude of 25,000 feet with the standard exhaust nozzle is

shown in figure 12. The fractionael loss 1n cycle efficlency
Increased considerably with flight Mach number at corrected engine

gpeeds below 6000 rpm. At the low corrected engine speeds, the value

8Tet
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of An/n was more than half of the efficlency cbtained. In the
region of the design corrected engine speed (7900 rpm); however,
the value of An/n was ebout 0.04 and was umaffected by chenges
In fllight Mach number.

The effect of exhaust-nozzle-outlet area ocn 7 &nd An/q
at en altitude of 5000 feet and a flight Mach number of 0.21 1s
shown in figure 13. Increasing the exhaust-nozzle-~outlet area
increased the value of An/n over the entire operating range,
particularly at the low corrected engine speeds. At the correcthed
engine speed of 7900 rpm, the velues of An/n obteined with
exhaust-nozzle-outlet areas of 280, 302, and 342 square Inches
were 0.04, 0.068, and 0.10, respectively.

SUMMARY CF RESULTS

From an altitude-wind-tumnel investigation of a J47 turbojet
engine, the following combustion-chamber performance character-
istlics were obtained:

l. At a corrected engine speed of 7900 rpm, the combustion
efficiency wilth the standard exhaust nozzle varied from 0.85 to
0.99 over the range of altlitudes and flight Mach numbers Investi-
gated. Conmbustion efficiency was lowered by lncreasing the
exhsust-nozzle outlet area.

2. The combustion-~chanmber over-all total-pressure-loss ratlo
decreased with an increase in albtitude. Increasing the
fﬁght Mach nunber Increased the value of AP /P_-_:, et medium and
low corrected engine speeds, but in the regicn of maximm engine
speed the ‘effect of flight Mach number was negliglible. Changlng.
the exhsust-nozzle outlet area from 280 to 342 square inches had
no apprecieble effect on APT/PS’ At the design engine speed of

7900 rym, the meximm value of APT/P3 obtained with the standard

exhaust nozzle was approximately 0.04 for all flight conditimms
Investigated.

5. The fractionael loss in engine cycle efficlemcy A'q/n
due to combustion~chamber total-pressure losses was unmeffected
by changes in altlitude and flight Mach number at high corrected
engine speeds. At corrected englne speeds below 6000 rpm, an
increase in flight Mach number increased A4n/q comsiderably.
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Increasing the exhaust-nozzle-outlet ares increased the value
of An/n over the entire operating renge. At the design emgine
speed of 7900 rpm, the fractiomal loss in cycle efficlency with
the standard exhaust nozzle was approximetely 0.04 at all
flight conditions.

lewls Flight Propulsion Ieboratory,
National Advisory Comnlittee for Aeranautics,
Clevelend, Ohlo.

gTeT .



812t

.

NACA RM ESIO2

APPENDIX ~-CAT.CULATI(INS
Symbols
The following symbols are used in this report:
crossg~gsectional area, sq £t

area of equivalent combustion chanmber of consbant
cross pection, sg £%

specific heat at constant pressure, Btu/ (1p)(°R)
fuel-alr ratlio in combustion chamber
acceleration due to gravity, 32.17 £t /se0?
total enthalpy, Btu/lb

mechanical equivalent of heat, 778 £t-1b/Btu
combustion-chamber frictlion pressure-lbss factor

rotational speed of engine, rpm

.tota.l 'pressure s l'b/sq £t absolute

friction pressure loss; loss In total pressure across

cambustion chamber due to friction, 1b/sg £+

momentum pressure loss; lose in total pressure across

combustion chamber due to heat addition, 1b/sq £t

over-all total-pressure loss; loss in total pressure
acrogs combustion chamber due to friction and heat

addition, 1b/sq £t
static pressure, 1b/sq ft absolute
gas consbant, 53.3 £5-1b/(1k)(°R)
total tempersture, °R

indicated temperature, °R
sbatic temperature, °R

alr flow, 1b/sec
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W fuel flow, 1b/hw
W, @as flow through combustion chamber, 1b/sec )
W, ;:mnpressor-leakase air flow, 1b/sec E
Wé ‘turbine-cooling sir flow, lb/sec @
Y retio of speclfic heat at constant pressure to specific
heat at constant volume
| engine cycle efficiency
An loss In engine gycle efficlency resulting from combustion-
chamber pressure losges
T, combustion efficiemcy - T
6, ratio of englne-inlet total temperature to NACA standard -
gea-level static temperature
Pp air demsity measured under total (stagnation) conditions,
ib/cu £t _
Subscripts:
8] free stream '_
1 engine inlet
3 cambustlon~-chamber inlet or compressor outlet
4 combustian~-chamber outlet or turblne inlet
6 turbine outlet
7  emhaustwozzlo owtlet I
a air e : . : : -
b combustion chember SN o
T fuel
y station at which statlic pressure in Jet reaches free-stream )

statlic pressure
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Methods of Calculaticm

Temperatures. - Static temperatures were obtained from '
Indicated temperature readings by

1
t = 7T (1)
1+ O'SSK;%) 7 -

vwhere 0.85 is the thermocouple impact recovery factor. Total
temperatures were calculated from the adiabatlic relatiom 'be'bween
pressures and static temperatures,

The equivalent free-stream statlc temperature +. was

calculated from the engine-inlet temperature and ram-pressure
ratlio as follows:

¢ l

=T< (2)

The static temperature of the e:r.ha.ust-ga.e Jet was calculated
from the tail-rake ingbtrumentation by

7o=1
. 7
. t=g<i L (3)
J o, .

No thermocouples were Installed at the combustion-chamber
outlet (station 4); in determining T,, <therefore, the enthelpy
drop across the turbine was agsumed ejual to the measured
enthalpy rise through the compressor corrected for variastions
of mass flow. The enthalpy at the turbine Inlet is expressed as

E, =H +'E%¢3: H_-E
4 =g , 31

The bturbine-inlet tempereature T‘g= wes then obtained from a
temperature-enthalpy chart.
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Alyr flow. - Alr flow waes calculated from temperature and
Iressure measurements made at the engine inlet (station 1).

7=l
Wa,l = Pty 287 -i>7 -1 (4)
? R ,\ Tty [\Py

where the wvalue of Ay 18 3.041 square feet.

Compresgor-leaskage air flow Wy and turbine-cooling air _
flow W, were bled from the compressor; the resulting alr flow
entoring the combustion chamber is therefore

Wy p =Wy o = W W,

a,b 21

and the gas flow leaving the combustlion chamber 1s expressed as

W =W We
g~ "a,b * 3500

Combustion efficlency. - The combustion efficlency is defined
as the ratio of the actual Increase In the enthalpy of the gas
while passing through the combustlon chamber to the theoretical
increase in enthalpy that would result from complete combustion
of the fuel charge. Combustion efficlency was obtalned from the
expression

Hy(1 + £/a) - H, 3 _(5)
W = T{¢/a) X 18,550

where the lower heating value of the fuel was 18,550 Btu per
pound. The enthalpy values in this equation were cbtalned from
Tz and T4 and a temperature-enthalpy chert based on a fuel-
inlet temperature of 80° F and a hydrogen~carbon ratio of the
fuel of 0.155 according to the method explsined in reference 6.

Preossure losses. - The measured over-all total-pressure-loss
ratio was determined from total-pressure measurements at the
combustion-chamber inlet end ‘the combustion-chamber outlet
according to the expression

AP, Px-P
T34 (8)
Py Py

1218
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The frictional and momentum pressure-loss ratios were determined
by the method described In reference 5. This method involves

the determination of the combustion~chamber frictiom pressure-loss
factor K and the combustion-chamber equivelent area A.b The -
frictlon pressure-loss factor XK was determined from engine
windmilling tests. The tobtel-pressure losses obtained resulted
from friction alone, inasmuch as no momentum pressure loss was
introduced by heat addition. The friction pressure-loss facbtor

K is defined by the relation

B, b2 (7a)}
AP, = p_’ -Afa)
T,3

Therefore, using the perfect gas law,

. (APF) P2 ’ - (7D)
P/ \mw %
a,b

By use of this equation, the value of K was determined from
windmilling date to be 0.007. The frichlon pressure-loss ratios
were then calculated for the performance date using this value of
K in the following equatlion

ARy ERW, Ty
a
Ps Ps

(7¢)

A tentative momentum pressure-loss ratlic was then obbtalned
by subtracting. AZPF/P3 from the measured totel-pressure-loss

ratio. By use of the pressure-loss chart, the values of APF/Ps’
the bemperature ratic EIE‘_,E/_T3 s and the tentative momemtum pressure-
loss ratio, en average value of .A,b of 0.273 squere foot was

egtablished from performance data for several flight conditiaons.
This constant value of A.b end the pressure-loss chart were then
used. to determine the momentum pressure-loss ratioc AI’M/:I?3 for

all performence data. The calculated over-all total-pressure-loss
ratio was determined by the relation

APT APF APM ‘ (8)
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Ingine cycle efficiency. - The engine cycle effliciency is
defined by

hea'b supplied to engine - heat rejected by engine
healt supplied to engine

Eﬂé(l+f/a)-_Ha23] - cP('bd-to) | )
[H, (1+f /sJ-Ea’ 3]

where «:-P ig the average value between gtatioms J and O.

The lose in engine cycle efficiency resulting from combustlon-
chamber pressure_loeses was calculated by the expreossion developed
in. reference 4:.

l
c'lr

EE (l+f/a.)

(10)

wvhere c ls the average value between stations J and O and 7
ls the average vealue between staticms 4 and J.

REFERENCES

l. Conred, E. William, and Sobolewski, Adam E.: Altitude-Wind-
Tunnel Investigation of J47 Tur'bo,jet-ZEngine Porformance.
WACA RM EOGOS, 1949.

2. Prince, Williem R., and Jansen, Emmert T.: Altitude~Wind-
Tunnel Investigation of Compressor Performance on J47
Turbojet Engine. NACA RM ESG28, 1949. = . ..

5. Thormen, H. Carl, and McAulay, Jom E.: Altitude-Wind-
Tunnel Investlgation of Turbine Performance in J47
Turbojet Engine. NACA RM E9K1O0, 1950.

4. Pinkel, I. Irving, and Shames, Harold: Altitude-Wind-
Tunnel Investigation of a 4000-Powmd-Thrust Axial-Flow
Turbojet Eagine. VI - Cowmbustlion-Chamber Performance.
NACA RM ESFO9e, 1948. o ’

1218 .



lais

NACA RM ESIOZ

S. Pinkel, I. Irving, and Shames, Harold: Anslysls of Jet-
Propulsion-Engine Cormbustion-Chamber Pressure Losses.
NACA Rep. 880, 1947. (Formerly NACA TN 1180.)

6. Turmer, L. Richard, and Lord, Albert M.: Thermodynemic Charts
Tor the Computation of Combustiom and Mixture Temperatures

at Congtant Pressure. - NACA T 1086, 1946.



NACA RM E9LO2

TABLE I - COMBUSTION-OHAMRER PERFORMANCE
- -
5’ d=d |de| ¢
- w0 1 ~ | o
—~ !- - -t ~ o @
¢ | & | B3 Esﬁgn PR NI R RN
) o u -1 X dvan| & Q Q -
- £ ,5 [ ] 4 =i .0 -8 g F-NF- g‘ o 2 - O =
o - = 5 — O - s Ll = ! foar 'g -~ [ *
£ g . B3 8 Sl T o [ LR
s | 7 | g8ls | B8]858 88 [San|LE 555 |48
F-4 - o olg‘ L e | ‘3 Le ] ': 3 ';2' pn?‘g J.-! w o '3
g | § |Ezlk |oS|bE|bsalnf |a3s|5EolBE |88
[ @ - - @ 2 w 326—. -cl HBN | P 4 ?E.t:
< o E-) . - ne|ae -0 - ) 8 Ml - 2
o Bol g (28| 2-|5g|BE|E g R, (5e8 EslEg| 48 |Hag
e~ o ] A &2 .Q'aﬂ.nﬂ ﬁ-—qu Dax| o ol
ECEE SN SECAR M EELSHEE R R D
2-— o B E: [ —r O n =] 43 | 2 S Oy uga O~ + .C',
Exhaust-nozsle cutlet area, 280 e Iinches
1 5,000 1.038| 0,830 | 1740 | 7896 7950 | 613 | 9339 | 900 | 8977 | 3080 | 5465 | 1740 | 2166
3 » 1,037 . 1766 | 7698 T30 | 514 | 9005 884 | 8726 | 19060 | 3IB5L| 1631 | 2147
] » 1.039% +830 | 1740 | 7500 | 7663 | 512 | 8758 | 8%2 | 8599 | 1868 | 3247 | 1542 | 2078
4 sQ000| 1.036 «220 | 1742 | 6093 | VO35 | 515 | 7080 | 838 | 7657 | 1604 | 2084 | 1396 | 1968
8 8,000 1.033 «R20[ 1744 | & 6998 | 61| 5874 | T84 | 5627 | 1397 2403 | 1170 | 2820
-] 2000 | 1.053 |  .210| 1740 65069 | 6510 | 4215 | 685 | 4043 | 1263 | 2083 | 10968 | 1771
7 5,000| X.034 «216 | 1749 | 4091 | 4132 | 509 | 3066 | 621 | 2954 | 1238 | 1924 ires
a 5,000 | 1.038 +210 | 1748 | 3147 | 3178 | 509 | 2410 | 574 | 8363 | 1230 | 1832 | 1167 ( 1750
9 5,000 1. «210 | 1738 | 8046 | 2066 | 509 | 163 | 532 | 19686 | 1161 | 1769 1740
10 | 15,000 | 1.204 5625 | 1186 | 78965 | 8045 | 600 | 7262 | 900 2100 | 2686 | 1764 | 1680
il 1 16,000| 1.810 530 | 1186 | 7692 | TOOB | BO4 | 7180 | 876 | 6898 | 1945 | 26258 | 161¢
18| 16,000| 1,211 630 | 11688 | "500| 7690 | 507 | 6066 | B6S | 6681 | 1668 | 2649 1893
15 { 16,000] 1,208 586 1180 | 6805 | 7084 | 6086 | 6369 | 829 | 6101 | 1658 | 2534 | 1562 | 1470
24 | 16,000 | 1.203 620 | 1188 | 8459 | 6530 | 508 | 5469 | 7809 | 5237 | 1459 | 202¢ 13558
16 | 18, 1.203 520 | 1190 | 5044 | 6021} BO6 | 4670 | 744 | 4369 | 12897 | 1765 | 1068 1261
16 { 15,000 1,804 8886 | 1188 | 5024 j BOO4 | 508 | 3168 | 666 2065 | 1458 914 |} 1209
27| 165,000( 1.803 520! 1100 | 409 4140 | 507 | 2859 | 603 | 8ls8g 975 | 1340 880 [ 1209
18 | 16,000 2,208 «520{ 1190 | 3147 | 53194 | 504 | 17068 | BBE | 1848 880 | 1288 80 | 1e0R
19 | 28,000 1,037 « 286 T | 7692 | 6258 | 452 | 4451 | 846 | 4300 | 2120 | 1661 | 1783 | 1047
20 | 86,000| 1,037 «286 T4 | 7500 | 8010 | 455 | 4188 | 818 | 4028 | 1899 | 154% | 1880 o83
3l | 26,000 1.036 «220 7% | 6993 | 7462 | 466 | 3873 | e | 3713 | 1680 | 1435 | 1588 o£8
22 | 26,000 L.033 «21q O | 6469 | 68098 [ 486 T4l | 3345 | 16500 | 1510 a7
33 | 88,000 | 1.033 «210 778 | 6944 | 6342 | 456 | 2976 2886 | 1360 | 1168 | 1181 a9
24 | 26,000 1,031 | .206 778 | 5024 | 5366 | 456 | 2103 | 832 | 8021 | 1190 %2 | 1011 801
826 | 26,000 1.030 «208 4091 | 4566 | 456 | 1498 | 574 | 1442 | 1150 8%0 788
28 | 865,000 1,030 «206 4| 3147 | 3568 | 4686 | 1127 | 521 | 1098 | 1166 815 | 10956
27| 25,000} 1.050 +206 T4 | 8046 | 2186 | 556 P00 | 485 698 | 1186 ToO | 1162 ™4
28 | 28,000 1.207 «526 7805 | 835135 | 468 | 6137 | 878 | 4956 | 21856 | 1800 | 1781 | 1191
28 | 26,000 1,200 « 530 774 | 7692 | 8115 | 466 | 4965 | 850 | 4793 | 2000 1661 | 1146
30 | 26,000 1.211 « 630 7800 ] 8003 | 466 | 4912 | 810 | 4717 | 1667 | 1811 | 1549
31 | 85,000| 1. <5386 774 | 6993 | 7462 | 466 TS | 4340 | 1642 | 1868 | 1559 | 1037
32 | 25,000 1.211 «530 778 | 8459 | GBTR | 458 | 4006 | T36 | 3048 | 1450 | 1469 | 1200 942
26,000 | 1.208 <530 788 | 5944 | 6515 | 460 | 3405 | 697 | 5263 | 166 | 1269 | 1046 860
34 | 26,000 1,203 « 520 778 | 5024 | 5300 ;| 466 | 2536 | g7 | 2231 | 1080 999 900 804
86 | 26,000 ( 1,202 «520 78], | 4091 | 4526 | 466 | 1676 | 566 936 8886 831 792
36 | 85,000] 2.1909 +516 W78 | 2727 | 2888 | 463 | 1060 | 498 | 1024 7890 7635 764
37 | 25,000) 1.412 780 T4 1 7805 | 8306 | 469 | 5921 | 868 | 6TLT | 2106 | 2190 | 1763 | 1347
38 | 25,000 1.403 « 716 778 | 7692 | O30 | 475 | 569 | 855 | 6646 | 2005 | 2135 | 1673 | 1529
39 | 365,000 | 1.403 «718 781 | TEOO | 7815 | 478 | 5629 | 834 | 5308 | 1846 1630 | 1268
40 | 28,000 | 1,413 <720 700 | 6993 | TR8T | 478 | 51165 | 790 | 4509 | 1649 | 18687 | 1358 | 1160
41 | 25,000 | 1.410 «720 783 | 6459 | 6737 | 477 767 | 4205 | 1432 | 1631 | 1174 | 1014
42 | 25,000 | 1.418 736 781 | 5044 | G188 | 480 | 38657 | 715 | 3498 | A208 982
43 2000 | 1.406 «780 5024 | 5240 | 477 | 24090 | 654 956 | 1o3e 780 a1e
44 | 26,000 ] 1,611 +866 774 | 7600 | 768 | 498 | 61235 | 868 | 5872 | 1863 | 2237 | 1546 | 1396
48 | 25,000 1,611 «866 78l | 6993 | T119 | 501 | 65621 | 822 | 5395 | 1651 | 2048 | 1369 | 1269
46 | 85,000 | 1.609 +860 | 781 | 6469 | 6576 | 501 | 4828 | 19 1417 | 1744 | 1167 | 1087
47 | 26,000 1.603 « 860 78). | 5944 | 6069 | 498 | 5880 | 726 | 3724 | 1155 | 1416 942 908
48 ? l.612 «866 781 | 5024 | 5109 | 502 | 2599 | 65635 | 8468 8%6 | 1089 717 813
49 | 25,000 1.857 «968 748 | 7895 | 8029 | 802 | 7165 | 888 | 6000 | 2038 | 2669 | 1705 | 1564
60 | 26,000 | 1,817 + 2656 778 | 76982 | 7754 | 511 | TO88 6803 | 1966 | 2598 | 1629 | 1596
8l | 265,000 | 1.839 « 978 T4 7545 | 813 | 6002 | 873 | 6620 | 1870-} 2632 | 1654 | 1866
54 M 1. « 976 T4 | 6993 | 7028 | B14 | 62530 | 837 | 5974 | 16566 | 2292 | 13685 | 1400
B3 [ 55,000 | 1,032 «210 496 | 7692 | 8315 | 444 | 2862 | 844 | 2766 | 2160-| 1063 | 1014 €7
54 | 36,000 | 1,034 «218 495 8100 | 448 | 2717 | 824 | 2616 | 2016 | 1010 | 1681 638
85 | 36,000 | 1.056 - 498 .| 6095 | 7645 | 446 | 2618 | 776 | 2414 | 1728 o928 | 1428 596
66 | 35,000 | 1,032 - 496 | 6469 | 6076 | 4456 | 266 | 737 | 2170 | 1656 846 | 1275
&7 ! 36,000 | 1,030 « 206 495 | 8044 | 6480 | 445 | 1905 | 696 | le-¥ | 1370 740 | 1138 550
68 | 35,000 | 1..030 « 206 494 | 5024 | 5426 | 445 826 | 1329 | 1190 617 | 1018 508
69 | 38,000 | 1,028 <195 |. 497 | 4001 | 4414 | 446 980 | 568 944 | 1286 56% | 1062
60 | 35,000 | 2,204 «528 494 | 7692 | 8277 | 448 | 3239 | 840 | 3124 | 2060 | 1169 | 1723 751
6l | 36,000 .21 «53Q | 493 1 7500 | 8070 | 448 | 3142 | 817 | 30235 | 1916 ; 1189 | 1598 7es
62 | 36,000 ] 1,208 630 | 495 | 6995 | 7517 | 449 | 2876 } 775 | 37654 | 1€756 | 1066 | 1586 66

8Engine speed corrected to NACA standard sga-level static conditions,
boaloulated values obtained by using pressure-loss chart develeped in reference B,

®Data omitved. - .
. %CZ g
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DATA FOR J47 TURBOJET ENCGINE

o £ | g )
E - 19l ? L L] - a 3 l-°(
H © 5| 55 -5 | FE : Y
o 4 . !; i 1 el 5 é (=4
1 'ﬁ F-) H - & N ) . - o
2E | . | Bg | e|Lpo || Bw| 8| <] B3
R s3] 2.1 3% . >§°- 53 £ | E8 | 3. AB7
SE | ¢ | S8 B3 BR ) gN|5Ex | 3Ed) BE L B BE| qL%
e o = - . - B S8 | w3 SPRa 2 a -1 o8 -3}
-3 f o Kol ) Iy 3 - ? - e C &N Q ) o @
se [ @ b8 | 8% | wF | 84 {8is (31| Fo | B | 23 | o%d
SiF95| 9. | 25| 8% | 8% |33 | 394 | 2R | i3 | 38| iif
CERIEE s Ea| & 8% | 38% 357 | E¥ | & % | £=2% |5
Bxhaust-nozzrie outlet area, Z0U sguare 5
1568 | 8300 | 81.08 | 78.92 | 0.0187 | 0.962 | 0.0388 | 0,0394 0.0240 [ 0,018BL | Co245 [ 0. 045 1
1470 | 4800 | 81,07 | 79.00 «0168 +«951 «0408 0398 «0849 «0149 o241 «051 2
1588 | 4390 | 80,28 | 78.17 <0166 + 547 «0411 « 0406 «0L60 «0148 « 242 oS 3
12684 ] 3580 | 76.94 | T6.08 0131 «961 «0406 «0413 - 0276 «0157 «221 - 4
1091 | 2080 | 63,66 | 62.44 » 0002 « 979 0421 0485 M <0136 «151 <119 -]
1052 | 1350 | 48.05 | 47.03 20080 «991 <0408 <0454 0318 P oxk.7-3 089 «218 -]
11201 1] 1080 | 54,31 | 3J.23 «0088 « 968 «0386 « 0403 <0273 «0130 «082 <278 7
1153 820 | 23,73 | 22.7¢ »0200 «898 <0231 «0295 0180 <0103 +«028 « 374 8
1129 474 | 16,42 | 16,49 « 00 (o} <0136 «01868 «0220 <0068 006 {c -]
1577 | 4130 | 62,37 | 80,59 <0189 958 «0SB68 0385 <0254 <0181 «260 | - JO57 | 10
1446 | 3730 | 64.50 | 82,756 «0165 « 961 « 0408 0398 <0249 «0149 « 265 - 11
1385 ] 3595 | 64.09 | 62.359 »01BL «37T6 «O409 » 04 «028%9 <0145 « 259 <048 | 12
1918 | 2720 | 61.72 | 60.1%7 ~OXI86 «950 «0406 <0412 «0877 0138 « 244 0568 | 13
1081 1990 | 668.77 | 56.48 «0100 +»938 <0424 <0430 «0S0S 0127 <193 087 | 14
Q71| 1380 | 80,82 | 49.76 <0077 <973 <0440 <0449 «0329 «0120 «168 128 | 1B
870 770 | $8.87 | 38.18 +0066 « 972 <0442 «0470 <0360 01310 087 «382 | 16
867 B49 | 27.98 | 27.54 «0058 «876 0429 <0433 <0330 «0103 002 Ecg 17
792 36l | 21.99 { 31.75 «0046 « 887 0375 <0428 <0534 +0091L (e} o 18
1607| 2810 | 38,38 | 37.47 <0194 « 995 «0539 0384 <OR23 «0161 « 252 <0355 | 19
1421 38,02 | 37.27 +0164 <973 0588 <0389 «0248 «OLE7 « 2435 «048 | 20
1249 1780 | 87.39 | 36.62 «0155 «966 <0413 «»0408 <0280 0148 « 233 056 | 2
1126| 14230 | 35.39 | 34.90 0113 «950 <0402 «0415 0278 «O1S7 « 200 o 22
1031 | 1070} 31.96 | 31.87 «0096 « 942 « 0403 «0420 <0290 <0150 166 009 | 23
2961 702 | 24.84 | 24,12 0081 «938 «0380 <0448 <0311 «0135 126 4l | 24
1008 5680 | 18,10 | 17.%8 0089 <872 «03T4& «O4T0 0296 «0l44 +065 + 320 | 25
loe 440 12,24 | 11.76 «0104 « 824 <0257 <0356 <0211 «0124 +020 581 | &8
1146 3886 8,70 8.22 0124 <770 +0164 Q250 +0148 <0102 0235 2938 | 27
1802 3023 | 44.26 | 43.07 +0195 <976 +«0354 <0390 «0231 «0L59 « 277 <033 | 28
1490 2725 | 44.25 | 43.20 «0176 «980 0385 «0365 «0238 « 0157 «R276 +038 | 29
1588 | 2660 | 45,17 ) 44.19 0180 « 967 +»0397 «O405 20246 «0187 «RTS - 30
1213 | 2030 24 | 43.49 <0130 «958 «0409 JO412 <0267 0145 «2853 <081 | 31
1075 16980 41.79 | 41.09 0107 «OS7 «0364 +O4R7 <0280 <0137 «218 «085 | S2
46| 1139 | I8.14 | 37.54 0084 « 957 <0417 «0448 «0O318 «0129 «182 <097 | 35
860 600 | 28,08 | 27.51 0081 «988 «04458 +O439 «0325 01124 «098 o240 | S4
807 425 | 21,02 | 20.48 «0088 +846 <0438 <0478 «0357 «0118 «031 861 | 3B
748 266 13.71 | 13.18 0066 «684 «OB40 JOBT2 « 0287 <0088 (e} (o) | 36
1577]| 3410 | 51l.82 | 50.34 0188 «992 <0346 « 0396 «0834 «0181 « 304 +088 | &7
1801) #1500} 50.79 | 49.40 ~OXTY « 972 «OS70 0388 0338 «OLES «502 L0352 | 58
1388 2750 | TO.78 | 49.44 «0164 « 983 «0400 <0398 <0249 «0149 «2B91 «039 | 39
1211 | 2220 | 50.34 | 49.18 «0126 « 979 «0403 0419 <0276 Paxk >3 « 279 <045 | 40
1044 | 16680 | 47.89 { 46.59 +0099 2963 +0426 «0440 0306 «Q1L36 <258 087 | 41
881 1020 | 43.26 | 42.45 <0087 (ec) «O458 «0488 « 08680 <0128 «186 <107 | 42
751 460 | 32.96 | 32.44 «0040 {o) 0494 +0800 «0403 + 0087 «059 «589 | 43
1383 3I0B0| 56,50 54.98 «01l54 » 959 «0410 «0410 <0259 «O1B1 «308 «O37 | 44
2420 B4.,08 | 52.68 0128 « 935 «0402 <0401 <0270 Q151 « 294 <045 | 4B
1087 1680 | 50,99 | 49.88 «0094 + 546 0422 « 0437 <0310 0127 «248 «064 | 46
838 970 | 45.33 | 44.45 «~0081L 2984 « 0449 0458 <0553 «0105 «1668 + 138 [ 47
[-1-1=] J46| TI5.83 | 365.04 <0037 (o) «0EO4 «06283 «O444 «0079 (e) {(c) | 48
1612| 4000| 83.45| 61.60 »01.80 - 9682 +OS87 <0408 0245 «O157 « 46 «OR6 | 49
1484 | 3730| 63,95 62.16 . 0167 962 «0402 «0408 «0263 «0163 « 40 «031 | 50
1386 3400| 63.8%| 62,17 «01562 +968 <0409 <0415 +O265 «03L50 -5 «034 | 51
1215| 2640 | 61.07) 89.52 »0123 « 860 «O411 +0418 «0288 <0134 «311 +041 [ B2
1636 1719 | 24.42 | 235.86 « 0200 «989 +03I3H 0381 «0219 «0l162 247 035 | 63
1513 1305 | 24.43%} 23.86 0176 1.013 JOSTR «0404 0237 «0167 « 245 +04) | 54
1286} 1184 24.05 [ :3.48 «0140 .982 0402 «0408 0253 «0O1B3 « 289 +O54 | 66
1181 944 | 22,87 | 22.30 «0118 «» 9680 «0381 « 0409 «0R269 «0140 « 202 «066 | 66
1na%7 723 | 20,57 20.13 «0100 «938 <0399 «0428 <0291 «0137 «188 «093 | 857
Q70 497 15.99 ) 15.57 » 0088 «866 «O397 0428 0296 «0132 «JO& <172 | 58
1038 81| 11.823| 10.87 »0097 862 <0367 <0401 «026) «0140 086 246 | 59
1548| 1870| 28.85| 27.89 «0188 982 +»03656 <0397 <0233 «+0164 «2'TS «034 | 60
1431 | 15890} 28.66 | 28,00 0168 «9686 0379 «03599 <0242 «0157 «2688 <039 | 61
1240| 1300 27,64 <0131 - 988 <0424 +0418 «026%7 «Q15) «247 <063 | 68
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TARLE I - COMBUSTION-CEAMBER PERFORMANCE
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Ol E_| 2 |28 s |SS|88[5RE5 (558155780 28| 5s
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Exhaust-nozsle outlet area, 280 square inches = Concluded
63 | 85,000 | 1,200 | 0,520 498 | 6480 | 6986 | 447 | 2666 | 733 | 2463 | 1470 945 | 12135 600
64 | 35,000 | 1..802 +820 406 | 5944 | 6396 | 448 2182 691 | 2091 | 1276 817} 1051 6850
85 | 56,000 | 1.1988 «51LB 4956 | BOR4 | B421 | 446 | 1505 614 | 1438 LO37 644 876 815
66 | 35,000 | 1.409 « 720 4941 7800 | 8393 | 448 3845 852 | 3705 | 2124 1427 | 1782 892
87 | 36,000 | 1.411 «720 494 | 7602 | 8284 | 447 | BT84 | 838 | 3682 | 2081 | 1403 | 1724 874
68 | 536,000 | 1.41) «T20 498 | 7500 | 8093 | 446 | 3826 | 811 | 35282 | 180R| 1360| 1579 839
89 | 36,000 ok 720 496 | 6993 | 7662 | 445 | 3410 | 765 | 3270 | 1685 1256 | 1373 768
70 | 36,000 | 1.407 «720 496 | 6459 | 6982 | 444 | 3019 | 726 | 2600 | 1446} 1101 | 1197 683
71 | 36,000 | 1l.411 + 720 4904 | 5944 | 6443 | 442 | 2538 | 68) | 2430 | 1250 924 998 594
72 | 85,000 | 1.406 <716 496 | 5456 | 5913 | 442 | 2075 | 637 | 19828 | 1032 e 849 G&s
75 | 5,000 | 1.037 «286 208 | 7600 | 82380 | 442 | 1724 | 8556 | 1637 | 2130 837 1793 £04
74 | 45,000 | 1,029 « 200 308 | 6993 | 7646 | 446 | 1861 | 786 | 1606 | 1810 82| 1510 37é
7B | 45,000 | 1.057 «2256 297 | 6459 | 6905 | 445 | 1374 | 740 | 1322 | 1586 610 | 1316 S44
76 | 45, 1.033 <2810 306 | 5944 | 6420 | 448 | 1181 | 70X | 1134 | 1415 466 | 1176 35¢
77 | 4B, 1.030 205 | S05| 5024 (5431 | 444 | 852 | 632 | 802 578 1076} 518
78 | 45,000 | 1.208 528 301 | 7692 | 8307 | 446 | 1992 | 851 | 19237 | 2179 760 4'T4
‘79 | 45,000 { 1,809 «B30 301 | 7600 | 8095 | 446 | 1926 | 828 | 1858 | 2038 713 | 1710 451
80 | 45,000 | 1,208 «6156 805 | 6995 | 7659 | 444 | 1762 | 776 | 1686 | 1745 648 | 1468 416
81 | 48,000 | 1.204 525 304 6995 | 443 | 1672 | 730 | 1611 | 1610 678 | 1253 370
88 | 46,000 | 1.206 528 503 | 55944 | 6437 | 443 | 1387 | 690 | 1276 | 1316 508 | 1087 344
8% | 45,000 { 1.203 «520 206 | 5024 | 644l | 445 908 | 619 8%2 | 1080 388 915 311
84 | 80,000 | 1.027 «190 285 | 7800 | 8123 | 443 | 12876 | 642 | 1839 | 2146 469 | 1812 500
ab 9000 | L.0B6 «186 236 | 6993 | 7673 | 443 | 1204 | 789 | 1159 | 1858 446 | 16554 290
86 | 50,000 | 1.035 «185 2838 | 6459 | 7008 | 441 | 1067 | 739 | 1031 | 1L61lo 404 | 1346 271
a7 | 80,000 | 2.028 +«186 239 | 44 | 6455 | 440 836 | TO1L 901 | 1468 566 | 1221 260
R ust-norsie outlet area, 302 square inches
86 | 5,000 |1.036 [0.380 | 1740 | 7805 | 8077 | 496 | 6928 | 868 | 8575 | 1817 | 5086 | 1485 | 1878
89 5,000 | 1.0535 «2315 | 1745 | 7698 | 7961 | 497 | 8637 | 858 | 830) | 1735 | 2993 | 1415 | 1946
90 » 1,038 «220 | 1755 | 7500 | 7658 | 498 | 8440 | 840 | 8306 | 1652 | 2936 ( 1361 | 1927
91l | 5,000 [1.033 «215 | 1747 | 6993 | 7133 | 499 | 7TI70 | BO7 | 7456 | 1616 | 2742 | 1236 | les8e
92 5,000 | 1.030 206 | 1745 | 84590 | 6876 | 501 | ae6B | 769 | 58l | 1389 | 2496 | 1138 1816
93 | &, 1,030 | 206 | 1745 | 5944 | 6061 | 601 | 5867 | 733 | 5612 | 1280 | 2306 | 1071 | 1784
94 5,000 {1.030 +208 | 1754 | 5024 |B6114 | 5O1 | A27S | 687 | 4096 | 1170 | 2087 | L0153} 1778
26 5,000 | 1,029 .198 | 1748 | 4091 4175 (499 | 3093 | 611 | 2976 | 1156 | 1906 | 1062 | 1765
86 | 5y 1.028 | .196 | 1745 | 3147 |3213 | 498 | 2427 | 562 | 25566 | 1162 | 1827 | 1101 | 1752
9% | 5,000 |1.020 198 | 1748 | 2046 |2091 |497 | 2012 |&36 | 1982 | 1119 | 1779 | 1097 | 1763
88 (26,000 | 1.031 « B80S 788 | 7808 | 8400 | 458 | 4331 | 847 | 4079 | 1900 | 1467 | 1565 53
99 | 88, 1.032 «805 781 | 78092 (8189 [460 | 4032 |B24 | 3872 | 1785 | 1397 | 1440 905
100 | 25,000 | 1.03) «305 76l | 7800 |7980 | 488 | 3926 | £05 | 5770 | 1868 | 1567 | 1566 883
101 | 26,000 (1.089 | .200 | 7Ol | 6993 |7441 |4B8 | 3651 (766 | 5502 ; 1497 | 1278 | 1320, 851
102 | 26,000 | L.08% « 800 78l | 6459 |6918 [482 | 5529 |726 | 3196 | 1561 | 1192 | 1107 age
103 | 265,000 |1.029 <800 7el | 5024 |E391 |AEl | 2088 | 620 | 1999 | 1092 o043 9355 796
104 | 25,000 | l.028 <198 78l | 4091 |4349 [469 | 1466 |B69 | 1411 | 1102 886 9935 793
105 | 26, 1,032 « 203 785 | 3247 (3336 (462 | 1114 [ 625 | 1080 { 1110 8235 | 1050 704
1068 (265,000 | 1.031 « 2035 T4 | 2048 |2187 |465 8903 |488 891 | 1086 788 | 1066 i
Exhaust-nozale ocutlet area, 342 square inches
107 5,000 [1.034 [0.216 |1752 | 7895 [8084 (495 | 8448 | 864 8137 | 1a32.| 2686 | 1308 1801
108 B, 1.0352 .210 {1745 | 7a92 [7869 |458 | 8237 | 838 | 7897 | 1564 | 2648 | 1262 | 1794
109 65,000 | 1,030 L2110 | 1753 | 6093 (TI40 [ 498 | T4OL |T94 | 7186 | 1372 | 2493 | 1100 | 1794
110 5,000 |2.027 .108 | 1785 | 6459 |660)L (497 | 66835 |763 | 6364 | 1282 | 2307 | 1036 | 1779
111 .| B, 1.030 L.210 | 1741 | 5944 [8078 |497 |B738 (726 | 5486 | 1208 | 2247 988 | 1761
1lie 5,000 | 1.089 <200 | 1755 | 6024 (5135 |497 | 4227 [663 | 4042 | 1115 | 1982 957 | 1760
113 5,000 | 1.029 200 | 1744 | 4091 |417T |499 | 5060 [606 | 2957 | 1108 | 1860 | 1008 | 1746
114 5,000 |1.020 <200 | 1744 | 3147 |3219 |496 | 2397 (G660 | IIBT 1806 | 1080 | 1744
116 5,000 |1.029 <200 |1742 | 2046 {2095 [495 |1g982 |519 | 1954 | 1076 | 1766 | 1048 | 1742
28,000 |1.032 « 210 781 | 7695 |8381 |463 |3938 [834 | 3781 | 1636 | 1212 | 1311 804
117 | 26,000 |1.032 «210 7al | 7e92 |8146 |¢63 |3s827 (@18 |3ess | 1587 | 1160 | 1266 | 804
118 |36, 1.031 «210 78 | 7500 |79435 |4683. | 3697 |BOO {3545 | 1493 | 1189 | 1206 801
119 |25,000 |1l.02¢ .200| 78l | 6595 (7413 |462 [3490 [765 | 3348 | 1382 | 1112 | 1100 801
120 | 25,000 |{1.028 «200 781 | 8469 |8863 (461 |5163 (T30 [3038 | 1271 | 1060 | 1010 799
121 | 26,000 {1.027 «195 780 | Go44 6315 (460 |27EO (696 | 2636 | 11T 986 946 791
122 | 25,000 |1.027 «1986 780 | 5024 |5341 |459 |2012 |627 |1926 | 1064 869 802 789
123 |26, 1,088 « 200 781 | 4091 |4349 |469 1433 |666 | 1379 | 1088 837 947 784
124 (25,000 [1.038 «200 T76 | 5147 3348 [468 (1134 |624 | 1062 | 1081 802 | 1019 e

E9LO2

&Engine speed corrected to NACA standard sea-level statio ooniitions.
boaloulated values obtained by using pressure-loss chari developed Iin reference 5,
%pata omitted. )

gret
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DATA FOR J&7 TURBOJET BNGIHE - Consluded
- - L]
31 Eolds | e las |5 |2
EH S 138 |5 a8 | W8 ;
-kl s | 8% | 29 3% | i7 § PP
LK} : -5 - = o & o C¥-] no -] }
oE [N fod et &£ % g0 | BHD a" o w = 33 &
RE |* | 23 |54 | 5% - |E8€ |23 | 25 B | as |05
- (] -} =& RS cu o a ) »
£8 1% | BE |53 |85 | 8F |gff |ERE) g% | g% | BE |HkE
5. |8z | 33 |5 |28 | E8 |EET |EET L 8T | BT | i | S8
] (=2 o 1 ] 8L 3 = 5o o © S do
gaﬁ :-(é Eh .g.-l -l 5'3-—! o':-d O o 5« e @l
SEF(33 | B 2% |53 | 2% (g8% |9%% | £% | BE | E% |is%
W | 82 = ow S S o £8% S B ke ] 2 © as E
Exhaust-nozzle cutlet area, 280 square inches - Concluded
1086 | 1000 | 26.25 |26.85 [0.0108 | 0.969 [0,0402 | 0.0408 | 0.0374 |0.0131 | 0.818 | 0,066 [:1.]
851 760 | 24.32 |23.83 «0088 «919 <0417 <0441 <0311 «0130 «181 «086 64
azs 430 | 1B.82 | 18.50 «0068 «8%9 « 0445 «0468 « 0547 <0123 -008 « 2535 66
1601 | 2295 | 35.74 | 52.88 <014 « 9923 «0559 «0401 <0233 «0268 «30B «029 66
1847 | 2165 | 33,83 | 32.96 0182 «0349 «0406 «0237 «0169 «308 «029 a7
1413 | 1950 | S4.14 | 33.38 0162 «998 +028%7 +0484 « 0257 «0187 «298 «028 €8
1550 | 55,76 § 33,08 0130 «987 <0431 «0419 0268 «0151 «B79 <044 &9
10684 | 1175 | 32.19 | 31.50 «0104 «978 <0394 <0458 «02056 «0143% «B45 «066
891 820 | 230.08 | 28,61 «0080 «937 <0426 0454 « 0324 «0130 «B814 +082 T
77l 544 | 26,10 | 26.69 «0058 «91l4 «O448 «0481 «03656 +0116 142 +l82 T2
1815 | 10m0 | 14,72 l1g.28 | (oeoa | o7& | .oszz | o374 | .omie | .0is8) .252| .04 T8
1364 788 | 14.43 | 15.96 <0157 «966 «0359 0384 «0R38 «0146 «228 047 T4
1188 618 | 13,78 | 1L3.33 «0128 « 939 «0378 +0406 +0260 +0145 « 201 «063 s
1088 474 ) 12.42 | 11.97 <0110 «907 «0388 «0402 «0269 «01.33 « 173 «087 76
1031 326 9.81 8.37 « 0097 B84 <Q361 - 0289 «0146 «102 «153 i
ile51 i7.28 | 16.80 +0203 «993 0326 <0587 <0226 <0171 «279 . 78
1540 | 1093 | 17.16 | 16.68 .0182 <989 -0348 « 03956 +0232 «0163 « 283 <038 e
1318 847 | 16.67 | 16.27 «0145 <870 «Q377 <0403 +0860 «0153 « 245 <048 a0
1126 855 | 16.18 | 16.83 »0115 «886 0588 <0421 <0276 «0145 212 <063 al
989 497 | 14,87 | 14.82 0094 «918 +0392 «0485 +0315 «0140 +178 «089 ag
8856 271 11.36 | 11.16 +0067 «933 «0407 04828 <0349 «0133 . « 250 83
1637 73| 10,97 | 10.72 «0200 +886 <0880 -0388 Q2228 <0164 + 240 <031 84
1408 837 11.00 | 10.76 <0168 «981 0374 »0388 «OE35 +OLES «284 « 049 86
1224 495 | 10.34 { 10.11 <0135 « 928 <0337 0382 «0248 «Ol44 «196 <058 aa
1124 416 8.62 .59 «013% «864 +0374 <0401 «0263 +0138 «1656 - a7
i Extaust nozszle cubiet ares, 502 square inches
X34Y | 4320 | 81.86 | 79.77 }0.0260] 0.931 | 0.0598 | 0.0397 | 0.0359 [0,0138 | 0.215 | 0.0680 88
1280 | 3910 8l.82 | 79.84 «0136 «940 -0389 «040 <0378, ! <O « 208 <085 8¢9
1224 | 3800 | 81.85 | 79.92 <0225 « 940 «0397 «0422 «02381 [Msx k.2 % +1968 072 90
1127 | $000 | 78.85 | 76.80 «0108 « 934 «0404 «0482 «0204 «0128 <182 +086 o1
1080 | 2400 | 72.30 | 70,76 « 0094 «918 0414 <0427 «0308 0282 «160 «111 3
1006 | 1850 | 64.11 } 62.81 0082 « 540 «0454 «04352 <0313 «0119 «133 . 93
77| 1250 | 49.38 | 48.54 «0070 <978 <0425 «O441 <0321 «0180 «076 <288 o4
1032 999 | 36.38 | S5.94 «0077 <9569 «038L « 0444 +0508 <0156 « 087 «518 o5
1088 768 | 28.40 | 25,08 +0088 «952 «0297 «0339 0224 «0118 «Q20 . 96
1093 502 | 15.08 | 14,89 + 0084 <849 « 0149 «01569 «0107 «00563 (o} {c) o7
1423 | 2200 B7.77 | 36.80 +0186 943 <0359 0387 «0240 <0147 «209 <051 8
1317 | 1940 37.39 | 56.48 «0148 « 929 «0397 <0383 «0268 +0141 <189 «083 o9
1238 | 1760} 57.31 | 38.47 <0134 <954 <0397 +0395 «0860 <0136 «166 088
1119 | 1450 36.54 | 3b6.76 <0113 «918 +0408 0399 «0874 | ".0126 <173 <088 | 101
1022 | 1190] 35.28 | S54.59 +0096 «981 «0400 <0419 «Q293 «0126 «159 «102 | 102
200 G600 24.49 | 24,14 « 0076 «B44 <0415 « 04239 <0311 «0118 «078 «869 | 103
975 B13| 16.93 | 16.71 «0088 «S44 « 0375 « 0405 <0276 <0127 «049 «S77 | 104
1042 425] 12.32 [ 12.17 « 0097 818 <0306 <0558 « 0233 «0126 <018 «816 | 1086
1062 341 7.67 7.50 »0128 +647 <0133 «0204 <0129 «007T6 « 005 (¢) | 108
Hxhaust-nozzie outlet area, 342 square lnches
1169 | 3450] 82.17| 80.24 | 0.0118] 0.942 | 0.0368 | 0.0418 | 0.0288 [0.,0130 | 0.160| 0.086 | 107
1182 | 3200 81.30| 79.48 «Q112 «929 «0415 ~041€ «0381 «O1R6 « 169 «101 | 108
2023 | 2470| 78.43| 76.78 <0089 «803 <0422 20427 +O0313 <0214 « 136 «141 | 109
74| 19801 72.50 «S54 sleyyd +9TL «0434 0442 «0328 «0114 «117 «181
042 | 1575 64.61 | 63.39 0089 «961 «0439 «0442 «0351 +011L «112 «201 | 211
$30 | 1100 49.49) 48.87 « 00635 « 96T «0438 + 0442 0328 «0114 -055 +443 | 112
991 910| 36.37| 36.84 «007 « 042 + 0557 0438 <0310 «0128 <014 éc 13
1081 785| 23.97| 23.76 » 0089 <842 0292 «0305 <0208 «0097 «005 .3 114
1045 450| 15.06| 14.99 + 0083 +«898 +014L ».0166 «011L +« 0064 008 (o 116
1198 | 1881 37.53| 56.68 « 0127 «913 «0369 +0393 «0270 <0125 «168 002 | 118
11568 | 1886] 37.28| 36.46 +0119 «929 +0418 «0408 <0278 «0128 «165 «093 | 117
1108 | 1417| 37.0L) 36.44 «0108 «908 <0411 «0415 <0290 «0L26 «13Q «126 | 118
1016 1204] 36.57) 35.66 «0094 «912 <0407 <0417 «0288 <0119 «146 <118 | 119
943 988| 34.82] S4.19 <0080 «923 0427 «O458 «0519 «0130 «1359 «140 | 120
agd 818| 31.60( 30.968 «007T3 «80L 0444 « 0443 +0328 +0L1S «12%9 <170 | 121
877 580 23.99| 25.64 ~0088 «872 <0427 | L0437 «03524 «0113 «07L <326 | 12
933 474| 18.94| 16.74 «0079 «8236 «O377 «0411 «0288 «0123 «032 <620 | 125
1012 401| 11.80| 11.%6 « 0098 789 +-0635 0318 +0211 <0107 4010 (o) | 124 |

g
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'Fgure 1, - Ingtallation of turbojet engine in aliitude vind turmel.
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Comproaasor

BTST

Conbustion chamber

Turbine Exhaust noxzle

ooogag
aopoooon

00p0 Q0000
jooC0 o000

Station 1,
engins inlet m Staticn 3,
Btatlon 2, stator mm‘
commresscy inlet phages
Station | Total- Statlo~ | Wall static- | Thermo-
ressure | PrEssuTe [ressure couples
tvbes tuben arifioea
1 40 4 o 8
2 P4 0 & 0
2 0 0 13 0
3 20 0 4 6
4 5 Q0 0 0
8 30 0 2 24
7 18 5 4 4

Statlan 7
Statimn B, ?
turbine outlet  °Xieust-nmozsle
oubley
Statin 4,
turbine Inlet

Flgure 2, - Cxrosg gection of turbojel-engine installation showing sectlong at which ingtrumentatlon was installed,
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Total-pregaure tube

Stetic~pressuwre wall orifice
Thermooouple
Caombustion~chember cembter line

2 X @ 0

10
225

l———

(a) Compressor 6utlefb, gtation 3; 5-]4' inches behind trailing edge of outlet gulde vanea,

Figure 3, - Instrumemntation of turbojet engine. Viewed from upstreanm.
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O Total-pressure tube
€ Combustion-chamber center line

.

(b) Turbine inlet, station 4; In plene of leading edge of turbine-stator blades.

Figi.zre %, - Continued, Imstrumentation of turbojet engine. Viewed from upstream.
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@ Statlc-pressure wall orilfice
X Thexrmocouple
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[
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4
. 1
=t
_ - a_
— . B
(c¢) Turbine outlet, statlion 6; 10% inches downstream of turbine flange.
Viewed from upstreem. _

Figure 3. -~ Continued, Instrumentatlion of turbojet engine.
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. o Total-pressure tube

- @ Static-mressure tube
x Thermocouple
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45° 450

(i) Exhaust-nozzle outlet, station 7; 1 inch in front of rear edge of exhaust-nozzle
outlet.

-, Flgure 3., - Concluded. Instrumentetion of turbolet engine. Viewed from upstream.
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Altitude
. (f£t)
. o 5,000
=] 15,000
< 25,000
A 35,000
4 45,000
1.00 > 50,000
':3' / < —"]
S .90 / / A 4
,//” L —4 — //,
/ %_/ Al B !
e
Ved
«80
&£
§ .70
- § (a) Flight Mach number, 0.21.
a
@
* 8 1.00
. :-; A
0 —
g // f'e)
8 —
o
90 ////’ l’,/f:
d// a ///,/’//im/’/'
//;f/
.80 // i
V.
J \\W
e 70 !
5 4 5 6 8 9 x 10°

tilon efficlenc
Hach numbers o

Corrected engine speed,

7
_NA/E-, rpm

(b) Flight Mach number, 0.52.

Figure 5. =~ Effect of corrected engine speed and altitude on combuse

of engine with standard exhaust nozzle at flight
0.21 and 0.52.
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Fiight Mach
number
o 0.21
= «52
< .72
A <85
4 97
1.00
<
n
.90 /;/
4//4///;”’///
7 /::’
«80 //
& /
s | 4
8 .70
)
a (a) Altitude, 25,000 feet.
o
L
o
(o]
8 1.00 <o
Ll
4
g =
g
(&7 o a
« 90
I.'.l‘/
Q_/ (o]
«80 -
«7CH I
3 4 5 7 8
Corrected engine speed, NA4f6;, rpm

(b) Altitude, 35,000 feet.

9 x 10%

Flgure 6. - Effect of corrected engine speed and flight 'Mach number
on combustion efficlency of engine with standard exhaust nozele
at altitudes of 25,000 and 35,000 feet.
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Exhaust-nozzle«
outlet area
(Sq in. )
o 280
O 302
o 342
1.00
AAA,——""ié T —
B o o /’(17 :;\‘k \-; oo
p/" LS T S N s
1% :
e ,/// o
vt
«80
&£
>
g 70
o
E (a) Altitude, 5000 feet.
L
ol
'Y
& 1.00 -
Ed :/
="
§ _,,S——”’ﬁ = . .
« 90 " /)/A--/ g v
/ (o] ﬁ/’ v
d/,,/’/:::%} -
(=B
.80 cy,:/”
.70 I
3 -4 [ -6 j 8
Corrected engine speed, N el, rpm

(b) Altitude, 25,000 feete.

9 x 10°

Flgure 7. = Effect of corrected engine speed and exhaust-nozzle-
outlet area on combustion efficlency of englne at altltudes of
5000 and 25,000 feet and flight Mach number of 0.Z21l.
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Combustion-chamber total-pressure-loss ratlo, AP/Px

NACA RM E9LO2

Altitude
(£e)

5,000
25,000

45,000

o
<
4 35,000
4
> 50,000

«04

| HQ\’

) Measured

_total-pressure~loss ratio.

« 0

.04 //C;ff””’

A

ot
I —_
y e \‘Eﬁ\c
) 5;59/ - A Pp/Py
v von APy/Py
(o} & dq <’#——*’
ST -
| ‘ 1
3 4 5 & 7 8 g x 103

Corrected engine speed, N, 1> Tpm
(b) Calculated totale-pressure-loss ratio.

Figure 8. = Effect of corrected engine speed and altltude on measured and
calculated total-pressure-loss ratlos through combustion chamber of engine
with standard exhaust nozzle at flight Mach number of C.Z2l.
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Flight Mach
number
0.21
.52
.72
«85
« 97

«05

p
AP>ODO

|

» 04 = A

ol §i APp/P3

/e
o
AN

]

(a2) Measured totale-pressure-=loss ratioce.

1/
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[~]
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£ S el
24
i /”9’ >
8 .04 yd ng\ii\
o (/’
e APR/B
% —_— \Q T/ 3
E o o~ \§§\
.0 —— k&x

o o~
5 e
z 4 :
2 . . o | APw/P
£ cd_ o7
(=]
o

APy/P3

.01 <7"b;;"J
a~"
' I 1
8 g x 10°

3 4 : 5 6 7
' Corrected engine speed, N//§1, rpm
(b) Calculated tofal-pr;ssure-loss ratio.
JFlgure 9, -~ Effect of corrected engine speed and flight Mach number on

measured and calculated total-pressure-~-loss ratios through combustion
chamber of engine with standard exhaust nozzle at altitude of 25,000 feet.
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Exhaust-nozzle-
outlet area
. (sq in.)
[o] 280
=05 o 302
Lol 342
L
04 : éo/’ —
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/] o 8Bp/Py
e
.05—6
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(a) Measured total-pressure loss ratilo.
«05
! EEQ& APp/FPx

«04

«02

Combustion-chamber total~pressure-loss ratlo, AP/P5

est

d
A¢> “!;‘1:::= <z-~ﬂ1~\_ - OO
// D\QU A PF/P3
/
o
o o] o2 APy/Py

4

Corrected'engine speed,

S

®
©
"
[
o
[< ]

7
K, s Tpm

(b} Calculated total~pressure=loss ratio.

Figure 10, = Effect of corrected englne speed and exhaust-nozzle-cutlet area
on measured and calculated totalepressure-loss ratlios through combustlon
chamber of englne at altitude of 5000 feet and flight Mach number of 0.21.
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Altitude
(ft)
o 5,000
< 25,000
«30 A 35,000
= 4 45,000
R : > 50,000
]
]
g A
- .20 . -
Cal .
o
a.
] Ve
3 < ~
[+]
g‘ «10 /
]
'é: ,,o/f/
[o]
{a) Engine-cycle efficiency.
,::.:. «60
&
3 N
Q
e
$F .40 Q\
Ag ~.
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wa
7E .20
55 | %
K A~ |
i
& o [~
3 8 9 x 10%

4 5 & 7 o
Corrected engine speed, N[/ﬁl, rpm
(b} Fractional loss in engine-cycle efficilency.

Figure ll. - Effect of corrected englne speed and altitude on englne-cycle
efficlency and fractional loss in engine=cycle efficlency with standard

exhaust nozzle at flight Mach number of 0.21.
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-40 Flight Mach
number 1
= o 0.21
5 +30 ‘E :EE }’{,‘4 ho
[2] ™ o
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_-(ﬁ) Ensiné;cycle efficiéncy.
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E 2 P
SR
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0 .mo-ﬂm .W[ :

3 4 5 6 8 9 x 10°

. 7
Corrected engine speed, NA/ﬁl, rpm
{b) Fractional loss 1n_gngine-cycle efficiencye.

Figure 12. = Effect of corrected englne speed and flight Mach number on
engine-cycle efficiency and fractional loss In engine-cycle efficiency with
standard exhaust:nozzle at altitude of 25,000 feet,
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(2) Engine-cycle efficiency.
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Corrected englne speed, K 1, rpm
(b) Fractional loss in engine-cycle efficlency.

Figure 13. - Effect of corrected engine speed and exhaust-nozzle-outlet area
on engine-cycle efficiency and fractional loss in engine-cycle efficlency
at altitude of 5000 feet and flight Mach number of 0.21.



